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We recently found that alterations of amino acids in hypervariable region 1 (HVR1) of the putative envelope
glycoprotein (gp70) of hepatitis C virus (HCV) occurred sequentially in the chronic phase of hepatitis at
intervals of several months. This finding suggests that mutations in HVR1 are involved in the mechanism of
persistent chronic HCV infection involving escape from the immunosurveillance system. To explore this
possibility, we examined the humoral immune response to HVR1 with our assay system, in which immuno-
precipitation was carried out with sera from patients by using an HVR1 (27-amine-acid) dihydrofolate
reductase fusion protein synthesized by in vitro transcription and translation. Results showed that HVR1
contains a sequence-specific immunological epitope that induces the production of antibodies restricted to the
specific viral isolate. Furthermore, analysis of the kinetics of the appearance of antibodies in two patients with
chronic hepatitis, with whom successive alterations of amino acids of HVR1 have been observed, showed that
the titers of anti-HVR1 antibodies usually reached maximal levels several months after the isolation of HCV
having the specific sequence of HVR1. This observation suggests that anti-HVR1 antibodies are involved in the
genetic drift of HVR1 (minor antigenic variation) by immunoselection. However, the coexistence of HVR1 as
an antigen and its specific antibody was sometimes observed. The possibility that HVR1 acts as a neutralizing

epitope is discussed.

Hepatitis C virus (HCV) is the major etiological agent of
posttransfusional non-A, non-B hepatitis throughout the
world (5, 27) and is also considered to be a causative agent of
chronic hepatitis, cirrhosis, and hepatocellular carcinoma in
Japan (33, 35, 42). However, neither the mechanism(s) by
which HCV causes these hepatic diseases nor even the
pathogenic effect of HCV is yet clear.

HCYV has been proposed to belong to a new genus of the
Flaviviridae distinct from flaviviruses and pestiviruses (16,
31). The HCV genome is a positive-stranded RNA molecule
of about 9.5 kb and encodes a large polyprotein precursor of
about 3,000 amino acids. Comprehensive structural analysis
of HCV genomes revealed the existence of at least six
different genotypes (HCV-I to HCV-VI) in the world (1-3, 7,
14, 20, 21, 26, 32, 47). The nucleotide sequences of the entire
HCV genomes from HCV-I to HCV-IV have been deter-
mined (4, 6, 15, 19, 36-38, 44, 46). The genotypes show
differences of about 20 to 35% in the nucleotide sequences of
their virus genomes, and different isolates belonging to the
same genotype showed 5 to 8% differences in nucleotide
sequences and 4 to 5% differences in amino acid sequences
(17, 19, 36, 46). These sequence diversities are distributed
along the whole genome except for the conserved 5’ non-
coding region. In particular, the putative envelope regions
encoding gp35 and gp70, which have been identified in an in
vitro translation study (11), show especially marked se-
quence diversity (10, 46).

By comparison of the amino acid sequences of many HCV
isolates (HCV-I and -1II genotypes), we identified two hyper-
variable regions (HVR1 [27 amino acids] and HVR2 [7 amino
acids]) in the N-terminal region of gp70 of the HCV-II
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genotype (10, 23), which is the major genotype in Japan (21).
HVR1 (21 amino acids) in the same region as in the HCV-II
genotype is also present in the HCV-I genotype (23, 49). The
amino acid sequence of HVR1 has been found to change
during periods of 2 to 13 years (34, 36, 50). However, these
findings probably do not reflect the actual rate of variability
in HVRs, because we recently observed that the rate of
variability (0.5 to 1.7 amino acids per month) in HVR1 was
much higher than the values reported previously (0.06 to
0.32 amino acid per month) (34, 36, 50) during periods of
several months in the chronic phases of patients with hepa-
titis (22). In addition, alterations of amino acids in HVR1
mostly occurred in a sequential fashion (22). These observa-
tions suggest that mutations in HVR1, which would result in
escape from the immunosurveillance system, are involved in
the mechanism of persistent chronic HCV infection. To
examine this possibility, we developed a new system for
detection of anti-HVR1 antibodies and analyzed HVRl1s
obtained from patients with chronic hepatitis. We report
here that HVRI1 contains an immunological epitope that is
specific for the homologous virus isolate, and that, in some
cases, an HCV with mutated HVR1 could escape recogni-
tion by preexisting anti-HVR1 antibodies.

MATERIALS AND METHODS

Materials. Oligonucleotide primers for polymerase chain
reaction (PCR) were synthesized in an Applied Biosystems
model 380A apparatus. Thermus aquaticus DNA poly-
merase (Taq polymerase) was from Perkin-Elmer Cetus
(Norwalk, Conn.). An in vitro RNA synthesis kit with T7
RNA polymerase was obtained from Nippon Gene Co.
(Toyama, Japan). A rabbit reticulocyte lysate was from
Promega Corporation (Madison, Wis.). The DNA ligation kit
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and restriction enzymes were from Takara Shuzo (Kyoto,
Japan). Protein G-Sepharose was from Zymed Laboratories
(South San Francisco, Calif.). [>*S]methionine was from
Amersham (Amersham, United Kingdom).

Patients. Patient I was a 22-year-old woman diagnosed
with acute non-A, non-B hepatitis without a history of blood
transfusion on her first visit to the hospital of Niigata
University (Niigata, Japan) in March 1991. The disease
developed to the chronic stage, and serum samples were
collected until 15 months after the onset of disease. Anti-
body against C100-3, a viral nonstructural protein, was
detectable with an anti-HCV kit (Ortho Diagnostic Systems)
in May 1991. Patient II was a 28-year-old man with chronic
non-A, non-B hepatitis without a history of blood transfu-
sion. He visited the hospital of Niigata University in March
1988 and received interferon therapy (total of 84 MU of beta
interferon) for 2 months starting in April 1988. However, the
disease was not cured and has remained in the chronic stage.
Serum samples were collected until 48 months after the
patient’s first visit to the hospital. Antibody against C100-3
was detectable in March 1988.

Construction of expression plasmids. An expression plas-
mid, pTZ19RSVdhfrl, was constructed by insertion of the
BamHI-HindIII fragment of pTZSV2dhfrl, containing the
dihydrofolate reductase (DHFR) gene derived from Esche-
richia coli (39), into the BamHI-HindIII site of the pTZ19R

A

384
I-1 QTRTVGGQVGHSVR
I-2
I-3 - = = - - - - - - - - - -
*T-4-1 - = = = = = - - M--G- -
I-4-3 - - H - - - - - M--G- -
I-5 - =-H- - - - - H--G- -
384
II-1 S TRVTGGQQGRAVEH
II-2 - = = = = = = = = = B - A -
II-3-1 N - - - - - - R----A-
*II-3-5 - - H- - -AL- - - - A
IT-4-3 - - Q - M- - = - = - - AY

s

J. VIROL.

vector, which contains the T7 phage promoter just upstream
of the multicloning site. DNA fragments containing only
HVRI1 were obtained by PCR with plasmid DNAs containing
various HVR1s derived from patients I and II. Patient-
derived HVR1 plasmids were obtained from the products of
RT-nested PCR (cDNA synthesis and PCR amplification)
with RNA from a patient’s serum as described previously
(22). The sequences of primers for PCR were selected from
the nucleotide sequence data in our previous report (22). The
sense primer contained a HindIII recognition site plus a
GCCACCATGG sequence, a consensus sequence for trans-
lation (25), in addition to the nucleotide sequence (20-mer) of
HVRI1. The reverse primer also contained a BamHI recog-
nition site in addition to the nucleotide sequence (20-mer) of
HVRI1. The PCR was carried out in a DNA Thermal Cycler
(Perkin-Elmer Cetus) for 25 cycles with 3 U of Tag poly-
merase, using about 10 ng of isolated plasmid DNA contain-
ing HVR1. The reaction cycle was as follows: primer anneal-
ing at 55°C for 45 s, primer extension at 72°C for 2 min, and
denaturation at 94°C for 1 min. PCR products (expected size,
96 bp) were digested with HindIII and BamHI and isolated
as described previously (21). The isolated DNA fragment
containing HVR1 was cloned into the HindIII-Bc/I site of the
pTZ19RSVdhfrl vector. The nucleotide sequence of HVR1
of a clone was confirmed by the dideoxy-nucleotide chain
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FIG. 1. Sequence variabilities of HVR1 of HCV obtained from patients with chronic hepatitis. (A) Deduced amino acid sequences of
HVRI (positions 384 to 410) from patient I are shown. Amino acid sequences are indicated by the single-letter code. The amino acid sequences
of the predominant species at each time point and a minor species (indicated by an asterisk) are shown. Capital letters indicate amino acids
different from those in I-1. The number of months after diagnosis is shown. (B) Deduced amino acid sequences of HVR1 from patient II. As
in panel A, the amino acid sequences are those of the predominant sequence at each time point and a minor species (II-3-5). Capital letters
indicate amino acids different from those in the sequence of II-1. Detailed sequence data for patients I and II are in reference 22.
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FIG. 2. Construction of expression plasmids and system for
detection of specific antibodies against HVR1. Details of the con-
struction of plasmids are described in Materials and Methods. After
in vitro transcription and translation, immunoprecipitates with sera
from patients containing anti-HVR1 antibodies were analyzed by
SDS-PAGE.

termination method with an A.L.F. DNA sequencer (Phar-
macia).

In vitro transcription and translation. All purified plasmids
were linearized by cutting them at the unique BamHI site
downstream of the dhfr gene. They were then used as
templates for in vitro transcription. RNA transcripts were
synthesized in vitro with T7 RNA polymerase as described
previously (18). The transcripts were translated with a rabbit
reticulocyte lysate with [>>S]methionine for radiolabeling.
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Immunoprecipitation. Immunoprecipitation was carried
out by a standard procedure (43) with slight modification.
Briefly, a reticulocyte lysate containing an in vitro-translated
HVRI1-DHFR fusion protein was adjusted to a volume of 0.5
ml with NET-gel buffer (43) and mixed with 50 pl of
recombinant protein G-Sepharose with gentle rocking for 4 h
at 4°C. The mixture was then centrifuged for 1 min at 12,000
X g, and the supernatant was subjected to immunoprecipi-
tation for 12 to 16 h at 4°C with sera from patients with
hepatitis or serum from a healthy human volunteer at a 1:100
dilution. As a positive control, anti-DHFR rabbit antibody
(39) was used at a 1:500 dilution. Protein G-Sepharose (30 pl)
was added to the immune complex and incubated for 1 h at
4°C on a rocking platform. Washing of the immune complex
and sodium dodecyl sulfate-15% polyacrylamide gel electro-
phoresis (SDS-PAGE) were carried out by standard proce-
dures (43). Immunoprecipitates after SDS-PAGE were de-
tected with a Bio-Imaging analyzer (BAS 2000; Fuji Photo
Film Co.).

RESULTS

Sequence variability of HVR1 of a putative envelope glyco-
protein (gp70). We recently analyzed the rates of sequence
variability in regions including HVR1 and HVR2 of HCV
isolated successively at intervals of a few months from two
patients (patients I and II) with chronic C-type hepatitis by
PCR. The nucleotide sequences of three to five independent
cDNA clones from each time point were determined to
obtain the predominant sequence of each specimen (22). We
found that the amino acid sequence of HVR1 but not HVR2
from patient I showed marked sequential changes with time
(22), while alterations of amino acid sequences of this region
from patient IT were partially sequential (22). Figure 1 shows
the amino acid sequences of HVR1 of the predominant
HCVs (frequency of more than 50%) obtained at each time
point from patients I and II. I-4-1 and II-3-5 were, respec-
tively, minor species first observed 8 months postdiagnosis
(p-d.) of patients I and II. From these data for the two
patients, we speculated that these genetic drifts in HVR1
reflect the results of pressure by immunological selection.
This speculation led us to examine the humoral immune
response to HVRIs in patients I and II.

System for detection of specific antibodies against HVRI1.
We established a system for detection of anti-HVRI1 anti-
bodies in sera from patients with hepatitis. This system is
summarized in Fig. 2. Since HVR1 is located in the amino-
terminal region of the gp70 protein, when it is fused into the
amino-terminal portion of the DHFR protein, it may show

Serum
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FIG. 3. HVRI contains a sequence-specific immunological epitope which induces antibodies restricted to the homologous viral isolate.
Three different HVR1 species (I-4-3, II-2, and III-1) were analyzed with sera obtained at least 6 months later from the patients from whom
these HVR1s were isolated. N indicates serum from a healthy (normal) volunteer. The arrow denotes the position of the synthesized

HVR1-DHFR fusion protein (25 kDa).
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antigenicity similar to that in the native gp70 molecule.
Details of the method are described in Materials and Meth-
ods.

HVR1s in each virus isolate contain specific immunological
epitopes. We examined whether the immunological epitope is
present on HVRI1s (I-4-3, II-2, and III-1) obtained from
patients I, II, and III, respectively. Patient III was a patient
with acute C-type hepatitis due to HCV of the HCV-I
genotype (9). As shown in Fig. 3, these HVR1s showed
about 50% sequence diversity. We used sera obtained at
least 6 months after the respective HVR1s were obtained.
HVR1 I-4-3 was selectively precipitated as a 25-kDa protein
with serum from patient I but not serum from patient II or III
or a healthy volunteer. HVR1s II-2 and III-1 were also
selectively precipitated only with sera from patients II and
III, respectively (Fig. 3). The 25-kDa band of the immuno-
precipitate was actually that of an HVR1-DHFR fusion
protein, because we obtained a strong band of the same size
with anti-DHFR antibody as a positive standard. The second
band (20 kDa) is probably that of a product translated from
an internal methionine codon of the DHFR coding region,
because the sera of the patients did not react with this
20-kDa protein (Fig. 3). The above results show that HVR1
contains an immunological epitope that is specific for the
homologous virus isolate.

Titration of anti-HVR1 antibody. The titers of HVRI1-
specific antibody were examined by analysis of serial two-
fold dilutions of serum for immunoprecipitation with the
products of HVR1 II-1. As shown in Fig. 4A, the amount of
immunoprecipitate decreased linearly with increases in the
dilution of the serum used in this assay system and a specific
immunoprecipitate could be detected even in 3,200-fold-
diluted serum. The radioactivity of the immunoprecipitate
was linearly proportional to the amount of serum used (Fig.
4B). Since the HVR1-DHFR fusion protein is present in
excess in the reaction mixture, in this assay system the
intensity of the signal depends on the titer of the antibody.
Linear correlations were also found between the amounts of
serum and the immunoprecipitates of the fused peptides of
I-4-1 and I-5 (data not shown). Therefore, we were able to
analyze the time courses of the appearance of humoral
immune responses to various amino acid sequences of
HVR1 obtained from patients I and II.

Humoral immune responses to the amino acid sequences of
HVR1 from patient I. As shown in Fig. 1A, we observed
sequential alterations in the amino acid sequence of HVR1
from patient I as the disease developed from acute to chronic
hepatitis. Five different HVR1-DHFR fusion proteins were
synthesized according to the sequence variations of HVR1
as shown in Fig. 1A, and the presence of specific antibodies
against these sequences of HVR1 was examined at eight
times, as shown in Fig. 5A. This figure shows the results of
immunoprecipitations of the antibody in the serum from this
patient with these HVR1-DHFR fusion proteins. At 2
months p.d., a faint band that reacted with the sequence of
HVR1 I-1 (2) was observed. The intensity of this band
increased thereafter. However, serum obtained at 2 months
p.d. did not react with the sequence of HVR1 I-3, I-4-1,
I-4-3, or I-5. Serum obtained at 5.5 months p.d. also did not
react with the sequence of HVR1 1-4-1, 1-4-3, or I-5, al-
though it reacted strongly with the sequence of HVR1 I-1 (2)
and weakly with the sequence of HVRI1 I-3. These results
indicate that there are a few antibodies in serum until 5.5
months p.d. that recognize the restricted amino acid se-
quences in HVR1 as an epitope(s). In contrast, sera obtained
at 8 and 11 months p.d. reacted with all the sequences of
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FIG. 4. Titration of anti-HVR1 antibody. (A) Twofold dilutions
of serum were used for immunoprecipitation of HVR1 II-1. Serum
obtained 2 years after HVR1 II-1 was obtained was used. (B) Levels
of radioactivity of signals were measured with a Bio-Imaging ana-
lyzer (BAS 2000). PSL is the unit of radiation dose used in the BAS
2000.

HVRI1s examined, although in a few cases their reactivities
were relatively weak. These results indicate the coexistence
of HCV having the specific amino acid sequence of HVR1
and antibody against its HVRI1 in the serum of the patient.
As the intensities of bands obtained by immunoprecipitation
are thought to depend on the titers of antibodies, the
radioactivities of all the bands seen in Fig. SA were mea-
sured. Figure 5B shows the time courses of change in the
relative titers of antibodies against the specific sequence of
HVR1 obtained at each time point. The results clearly show
that the titer of antibody against each sequence of HVR1
usually reached a maximum level several months after HCV
with the specific sequence of HVR1 was isolated, although
the levels of antibodies against HVR1s I-4-1 and 1-4-3 were
relatively high at 8 months p.d.

Humoral immune responses to the amino acid sequences of
HVRI1s from patient II. We next examined the kinetics of
appearance of specific antibodies against HVR1s obtained
from patient II with chronic hepatitis. The anti-HVRI1 anti-
bodies against four predominant species (II-1, II-2, II-3-1,
and II-4-3) and a minor species (II-3-5) of HVR1 were
examined. Serum at the time of diagnosis did not react with
any of the HVR1s examined, including II-1, but serum at 2
months p.d. strongly reacted with HVR1 II-1. The titer of
this antibody remained high for 3 years (Fig. 6), but the
levels of reactivity of the serum at 5 or 8 months p.d. with
other HVRI1s decreased markedly. This result is similar to
that obtained with patient I. Furthermore, as with patient I,
the coexistence of the HVRI1 as an antigen and its specific
antibody was observed at 5, 8, and 14 months p.d. However,
kinetic analysis of antibodies in the sera revealed that the
titers of antibodies against specific HVR1 species increased
markedly after the appearance of HCVs having these HVR1
species, although we did not determine the exact times of
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FIG. 5. Follow-up of ALT levels and humoral immune responses
to HVR1 of HCV in patient 1. (A) The graph shows the ALT profile
for patient I at the indicated sampling times. ALT values (units/liter)
for patient I were monitored from March 1991 to June 1992. The
positivity of antibody against C100-3, a viral nonstructural protein,
is shown in the graph. Below the graph, the immunoprecipitation of
five different HVR1s is shown. (B) The level of radioactivity of each
signal was measured as described in the legend to Fig. 4B, and
results for the predominant species of HVRI are shown. A dotted
line shows the result for HVR1 I-4-1, a minor species. The arrows
denote the time points at which HCV with the HVR1 examined was
isolated.

appearance of these HCVs or the exact amounts of virus.
The peptide with II-4-3 reacted with serum obtained nearly 6
months before the sequence of 1I-4-3 became predominant in
the serum (14 months p.d.), suggesting the presence of this
sequence in serum as a minor species or the occurrence of a
cross-reaction with an antibody that happened to recognize
the sequence of II-4-3.

DISCUSSION

In this work, we showed that each HVR1 contains an
immunological epitope that is specific for the homologous
HCV isolate. In addition, we demonstrated that the kinetics
of appearance of anti-HVR1 antibodies mainly conformed to
the sequential alterations of the amino acid sequence of
HVRI1 that we have reported recently (22).

Weiner et al. (50) detected antibody against HVR1 with
synthetic oligopeptides (8-mer). They observed cross-reac-
tivities of antibodies with two different sequences of HVR1
of the HCV-I genotype, but we could not detect any cross-
reactivities among anti-HVR1 antibodies. This was probably
because the amino acid sequences of HVR1 in particular of
the HCV-II genotype that we analyzed are highly divergent
in different virus isolates (23), so no cross-reaction of anti-
HVRI1 antibodies would occur. Further analyses of many
isolates of HCV are necessary to determine whether HVR1-
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FIG. 6. Follow-up of ALT levels and humoral immune responses
to HVR1 of HCV in patient II. (A) The graph shows the ALT profile
for patient II at the indicated sampling times. ALT values for patient
IT were monitored from May 1988 to April 1992. The positivity of
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specific subgroups exist. Besides HVR1, we tested for the
presence of specific antibodies against peptides consisting of
17 amino acids, including HVR?2 derived from patients I and
II, although we did not observe any alterations of the amino
acid sequences of HVR2 in either patient during the period
of examination (22). No significant immunoprecipitates were
detected. This result suggests that HVR?2 is not involved as
an epitope in the humoral immune response. Thus, our
system for detection of antibodies in serum has the advan-
tage that the immunological epitopes of free regions can be
assayed.

We showed that the time of appearance of anti-HVR1
antibodies recognizing the specific sequences of HVRIs
usually correlated with the time of appearance of these
specific sequences of HVR1 in two patients (patients I and
II). This result suggests that anti-HVR1 antibodies can
exclude HCV species with the HVR1 specifically recognized
by these antibodies. Additional data supporting this possi-
bility are as follows. (i) We isolated 15 independent cDNA
clones from patient I at 11 months p.d. and determined the
nucleotide sequences of the HVR1s of these clones. None of
these clones had deduced amino acid sequences of HVR1
identical to those of I-1 to I-4, but two major species of
HVRI1 (one is the same as I-5 in Fig. 1 and the other is its
variant, in which residues 397 and 401 are both Ser) were
obtained at this time point (24). (ii) We obtained affirmative
results by restriction digestion analysis with the amplified
cDNA products from patient II. This analysis also indicated
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that HCV species with sequences of HVRI1 different from
those of previous dominant isolates became major species
during the following few months (22). Therefore, we believe
that sequential alteration of the amino acid sequence of
HVR1 is due to the selective pressure of the immune system.

However, we cannot conclude from the present results
that anti-HVR1 antibodies are general neutralizing antibod-
ies against HCV infection, because at several times we
detected the coexistence of HCV species with specific
HVRI1 amino acid sequences and their specific antibodies.
With regard to this point, several problems must be over-
come. One is how to determine the exact time of appearance
of an HCV having a mutated HVR1 amino acid sequence.
Another is how to monitor the amounts of individual HCV
species having different HVR1 sequences. These problems
are difficult because of limitations in the available samples
and experimental techniques. A third problem is how to
determine the exact site and number of epitopes in HVRI.
We suspect, however, that the immunological epitope iden-
tified in HVR1 may be a neutralizing epitope against HCV
infection for the following two reasons. First, HCV has been
proposed to be a member of a new genus distinct from the
pestiviruses (hog cholera virus and bovine viral diarrhea
virus) and the flaviviruses (dengue virus, yellow fever virus,
etc.) of the Flaviviridae (16, 31, 45). The hydropathy profile
of the structural region of HCV (16, 45) and the gene
organization of HCV (11-13) indicate that HCV is more
closely related to pestiviruses than to flaviviruses. There-
fore, the two putative HCV envelope glycoproteins, gp35
and gp70, which have been identified in an in vitro transla-
tion study (11), probably correspond to the envelope glyco-
proteins gp25 and gp53, respectively, of bovine viral diar-
rhea virus, and gp53 of bovine viral diarrhea virus is known
to induce neutralizing antibodies (48). Second, it is known
that the third variable region (about 30 amino acids) of the
external glycoprotein (V3 loop of gp120) of human immuno-
deficiency virus type 1 contains a binding site for human and
experimentally induced antibodies that are able to neutralize
human immunodeficiency virus type 1 infection (8, 28, 30,
40, 41) and that these antibodies against the V3 loop of gp120
show virus-specific neutralizing activities (8, 29). Since
HVR1 of HCV is located at the amino terminus of the
putative envelope protein gp70, shows marked sequence
variation, and induces antibodies restricted to the homolo-
gous viral isolate, we think that HVRI1 functions as a
neutralizing epitope. To prove this idea, it will be important
to develop an experimental system to examine the blocking
activity of anti-HVR1 antibody in HCV infection.
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